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Abstract

Background: People with type 2 diabetes mellitus (T2DM) tend to be vulnerable to geriatric syndromes such as
sarcopenia and frailty. Reduced physical activity also accompanies sarcopenia and frailty, which is generally typical
of patients with T2DM. However, a comprehensive assessment of physical fitness in patients with T2DM has seldom
been carried out and verified. This study is thus an attempt to determine the associations among sarcopenia, frailty,
and the SFT in diabetic patients and non-diabetic controls to provide a more comprehensive understanding of such
associations in future evaluations of T2DM in older individuals.

Methods: Sarcopenia, frailty, and the senior fitness test (SFT) were compared between 78 older men with T2DM
(66.5£9.0 years) and 48 age-matched normoglycemic controls (65.8 £ 5.3 years) in this case—control study. The skel-
etal muscle index (SMI), grip strength, and 4-m walk test were employed to assess for sarcopenia. Frailty was evaluated
using the Study of Osteoporotic Fractures index (SOF). The SFT comprises five components, including body composi-
tion, muscle strength, flexibility, balance, and aerobic endurance.

Results: The risk level of sarcopenia was significantly higher (p < 0.05) in the T2DM group as compared to the control
group. No significant difference between-group differences were found in SMI and grip strength in the T2DM and
control groups. However, the T2DM group showed a significant decrease in gait speed (p <0.01) in comparison with
the control group, as well as significant increases in frailty (p <0.01) and depression (p < 0.05). With respect to the SFT,
obvious elevation in BMI, significant declines in extremity muscle strength (elbow extensor, knee flexor, hip abductor,
hip flexor, sit to stand), static/dynamic balance (single leg stand: p <0.05; up-and-go: p <0.01) and aerobic endurance
(2-min step: p<0.01; 6-min walk: p<0.01) were found in the T2DM group. Furthermore, the SOF (OR=2.638, 95%
(C1=1.333-5.221), BMI (OR=1.193, 95% Cl=1.041-1.368) and up-and-go (OR=2.089, 95% Cl=1.400-3.117) were
found to be positively and significantly associated with T2DM.

Conclusions: The findings of this study indicated the importance of countering frailty and maintaining physical fit-
ness, especially dynamic balance, during the early physical deterioration taking place in diabetic patients.
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Background
Diabetes mellitus (DM) is a global epidemic disease
afflicting nearly 500 million people worldwide, and as
the population ages, the number is projected to reach
700 million by 2045 [1]. With socio-economic growth
and lifestyle changes, Asians have experienced a rapid
increase in the prevalence of DM, which now accounts
for 60% of the world’s diabetic population [2], with the
middle-aged and elderly being particularly suscepti-
ble. In the United States, the prevalence of DM has
increased over the past two decades, during which time
the prevalence of elderly people (> 65 y/o0) has increased
by 10%, and the prevalence of middle-aged adults (35—
64 y/o) has increased by 3% [3]. In India, the prevalence
of diabetes peaks at 60—69 years of age [4]. By compari-
son, in Taiwan, patients with diabetes over 65 years of
age account for more than 50% of the total diabetic pop-
ulation [5]. As the prevalence of diabetes increases with
age, older adults with DM tend to become vulnerable to
geriatrics problems, such as sarcopenia and frailty.
Sarcopenia is an age-related syndrome characterized
by a gradual loss of skeletal muscle mass and physical
function [6]. A noticeable decline in muscle mass can be
observed from nearly the fifth decade of life [7], with a
loss of 1-2% per year [8]. The prevalence of sarcopenia
increases steeply in an individual’s 60 s, with 5-13% of
people aged 60 to 70, and 11-50% for people over 80 [6,
9]. Sarcopenia shares numerous characteristics with type
2 DM (T2DM), such as reduced physical activity, lim-
ited mobility, insulin resistance, chronic inflammation,
and mitochondria dysfunction, among others [10-12].
Sarcopenia is also considered to be the underlying cause
of physical frailty. In response, the impact of frailty on
diabetes and its treatment has gradually attracted atten-
tion in recent years [13, 14]. The phenotype of frailty
is defined as having five components, i.e., exhaustion,
physical inactivity, muscle weakness, slow walking speed,
and weight loss [15]. Among them, muscle weakness and
slow walking speed are also two features of sarcopenia.
Sarcopenia and frailty are considered to share similar
pathological features in older adults, and T2DM may
accelerate their progression [12, 16]. Previous research
works on the physical inactivity of patients with dia-
betic mainly focused on the limitations of activities of
daily living (ADL), and instrumental activities of daily
living (IADL) [17-19], while investigation on functional
limitations mainly focused on the evaluation of transfer
and locomotion such as rising from chair, walking, and
climbing 10 steps [20-22]. Some of the studies have dis-
cussed the effects of diabetes on grip strength [23] and
gait speed [24, 25], the two screening criteria of sarco-
penia; however, a comprehensive assessment of physical
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fitness in T2DM has seldom been clarified The senior fit-
ness test (SFT), first proposed by Rikli and Jones, is now
frequently used to assess physical performance in older
adults [26]. The SFT measures five elements of physi-
cal performance, including body composition, muscle
strength, flexibility, balance, and aerobic endurance, to
evaluate the physiologic reserve of seniors and to identify
at-risk participants [27]. In this study, we investigated five
specific elements of the physical performance of patients
with T2DM and further explored the muscle strength of
the upper and lower limbs, including the elbow flexors/
extensors, knee flexors/extensors, hip flexors/extensors,
and hip abductors, to investigate the potential effects of
T2DM on these muscle groups.

Sarcopenia, frailty, and reduced physical capacity seem
to be the three commonly-seen characteristics of T2DM
from clinical observations. However, it is still not clear
which of these factors are more profound in the clini-
cal manifestations of T2DM. The present study thus
attempted to comprehend the associations among sar-
copenia, frailty and SFT in diabetic patients and non-
diabetic controls to provide more prospects for further
responses for T2DM in older age.

Methods

Experimental Approach to the Problem

Data collection was performed from August 2018 to
November 2020. After explaining the research pro-
cedures and risks, participants provided written and
informed consent to participate in this study which
was approved by the Institutional Review Board under
the Number A-ER-106-303 according to the Helsinki
declaration.

Participants

Participants with T2DM who are over 50 years old and
have been regularly followed and treated at the Diabetes
Outpatient Clinic of National Cheng Kung University
Hospital were recruited. The diagnosis of type 2 diabetes
was based on the 2016 American Diabetes Association
criteria [28], or current treatment with any anti-diabetic
agents. Meanwhile, the age-matched normoglycemic
participants in this case—control study were recruited
through advertisement by the medical center. The exclu-
sion criteria included a recent history of neuromuscular
diseases, limb trauma, skin infections, cognitive dysfunc-
tion, acute stroke, acute pancreatitis, acute infections,
cancer, and pregnancy. From August 2018 to November
2020, 134 participants were invited to participate in the
study, of which 127 agreed and signed the informed con-
sent form after our explanation of the study purposes
and procedures. One was then excluded due to personal
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reasons. The final cohort consisted of 126 patients (67
women), with a mean age of 65.7 £ 8.6 years. The control
group consisted of 48 healthy individuals (26 women),
with a mean age of 65.8+£5.3 years, while the T2DM
group consisted of 78 diabetic individuals (41 women),
with a mean age of 66.5+9.0 years. The average HbAlc
(%) of control group was 5.6240.27, while the HbAlc of
the T2DM group was 6.88£0.73. The collected descrip-
tive data are summarized in Table 2. In order to reduce
potential bias, all data on sarcopenia-related factors,
frailty, depression, and the five-element SFT were col-
lected by one well-trained clinical staff member. The pro-
cedure is described as follows.

Procedures

Detection of sarcopenia

The Asian Working Group for Sarcopenia (AWGS) has
defined the criteria of sarcopenia as low muscle mass
plus low muscle strength or poor physical performance
[6, 29]. The cut-off points of the AWGS 2014 and
AWGS 2019 are shown in Table 1. The AWGS defines
low muscle mass plus low muscle strength or gait speed
as sarcopenia; it also defines low muscle mass combined
with low muscle strength and gait speed as severe sar-
copenia. AWGS 2019 also added the term possible sar-
copenia,” which is defined as either low muscle strength
or reduced physical performance. The European Work-
ing Group on Sarcopenia in Older People (EWGSOP)
suggested conceptual stages of sarcopenia as “presar-
copenia,” “sarcopenia,” and “severe sarcopenia,” which
were identified as “low muscle mass without the other
two criteria,” “low muscle mass with either low muscle
strength or low physical performance,” and “met the
three criteria,” respectively. In this study, we modified
the classification and defined the three criteria as four
levels of risk, namely sarcopenia risk-level, from 0 to 3,
in which 0 means asymptomatic, while 1 to 3 means the
number of criteria met. The muscle mass represented
by the skeletal muscle index (SMI) was calculated by
the appendicular skeletal muscle mass (ASM) divided

Table 1 AWGS 2014 and AWGS 2019 cut-off points for

sarcopenia
Cut-off points AWGS Cut-off
2014 points AWGS
2019
Skeletal muscle index (kg/  Male:<7.0 Male:<7.0
m2) Female:<5.7 Female:<5.7
Grip strength (kg) Male: <26 Male: <28
Female:< 18 Female:<18

Gait speed (m/s) 0.8 1
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Table 2 Characteristics and the diagnosis of sarcopenia, frailty
and depression in the control and T2DM groups

Control T2DM p-value
(N=48) (N=78)
Descriptive Data
Age (y/0) 658+53 66.54+9.0 0.558
Gender 0.862
Male (n (%)) 22 (45.8) 37 (47.4)
Female (n (%)) 26 (54.2) 41 (52.6)
Height (cm) 1604+£82 1597+77 0622
Weight (kg) 623+109 657109 0.092
Hypertension 16 (33.3) 39 (50.0) 0.068
Alcoholism 2(4.2) 5(6.4) 0.597
Smoking 0(0) 101.3) 0.435
Oral antidiabetic agents - 66 (84.6)
Insulin injection - 20 (25.6)
Evaluation of Sarcopenia
SMI (kg/m?2) 698+1.10 7284121 0.160
ASM (kg)
LA 206+053 2214+058 0.131
RA 213£054 2274061 0.195
LL 698+157 706+170 079%
RL 701+£162  711£172 0721
Grip (non-dominant) (kg) 2420+£814 2225+£799 0.188
Grip (dominant) (kg) 25.19+£857 2259+£855 0.102
4-m walk (m/s) 159+£032 1404038 0.004*
Sarcopenia Risk Level 2014 042+061 068£0.77 0.029*
Sarcopenia Risk Level 2019 044+062 081+£086 0.004*
AWGS 2014 Sarcopenia (n (%)) 3(6.3) 11(014.1) 0.208
AWGS 2019 Sarcopenia (n (%)) 3(6.3) 12 (154) 0.208
AWGS 2019 possible sarcopenia 16 (32) 41 (52.6) 0.047*
(n (%)
SARCF 042+082 0604092 0269
Frailty and Depression
SOF 021+082 060£092 0.004*
PHQ-2 006+£032 028+064 0012%

ASM Appendicular skeletal muscle mass, LA Left arm muscle mass, RA Right arm
muscle mass, LL Left leg muscle mass, RL Right leg muscle mass

" indicates statistically significant

by height squared (kg/m?). Appendicular skeletal mus-
cle mass of left arm (LA), right arm (RA), left leg (LL)
and right leg (RL) was detected using a bioelectrical
impedance analysis (BIA; TANITA MC-780MA, Tanita
Corporation, Tokyo, Japan), while grip strength was
measured using handgrip dynamometers (microFET®
HandGRIP dynamometers, Hoggan Scientific, Salt
Lake City, UT). Meanwhile, the usual 4-m gait speed
that represents physical performance was assessed with
a stopwatch. In addition, the SARC-F test [30], which
evaluates strength, assistance with walking, rise from a
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chair, climbing stairs, and falls, was also used as a ques-
tionnaire to evaluate sarcopenia. The SARC-F scores
range from O to 10, with a score equal to or greater than
4 indicating sarcopenia.

Frailty and depression

Frailty was detected using the Study of Osteoporotic
Fractures index (SOF) [31-33], which provides a plain
assessment of frailty in clinical practice. The SOF que-
ries weight loss, lower extremity function, and energy
perception via scores from 0 to 3, with a total score of
2 or 3 meaning frail, 1 indicating pre-frail, and O repre-
senting robust. To investigate depression, a modified ver-
sion of the Patient Health Questionnaire (PHQ)-2 [34]
was employed, in which the original 0 to 3 point-scoring
method was revised to 0 (no) and 1 (yes). This modifica-
tion was based on a suggestion by the Ministry of Health
and Welfare of the Taiwan Government. The SOF and
modified PHQ2 were used to detect frailty and depres-
sion of the participants in this study because these two
assessments have been widely used for applications in
long-term care services by case managers or care special-
ists in Taiwan.

Senior fitness test

The reliability of the SFT has been well demonstrated
[35, 36], and its evaluation in this study was performed as
previously described [27, 37, 38]. Body composition was
evaluated using the body mass index (BMI), which was
calculated as the ratio of an individual’s weight divided by
their height squared (kg/m?). Muscle strength of the
lower extremity was evaluated by the 30-s sit-to-stand
(STS) test. Participants were instructed to rise as fast as
possible from a seat in 30 s with arms folded across the
chest. The number of full stands in 30 s was recorded.
In addition, we also measured the muscle strength of
the elbow flexors/extensors, knee flexors/extensors,
hip flexors/extensors, and hip abductors with a hand-
held dynamometer (microFET®2, Hoggan Scientific,
Salt Lake City, UT), as previously described [26, 39]. In
the assessment, the participants performed three trials
of maximum voluntary isometric contraction for each
muscle. The mean of three trials was used to determine
the strength of the particular muscle. Flexibility of the
upper body was assessed by a back stretch. Participants
were asked to reach over the shoulder with one hand and
extend the other one up the middle of the back. The dis-
tance (cm) between the extended middle fingers between
both hands was then recorded. Flexibility of the lower
body was assessed using the sit-and-reach test. Partici-
pants sat on the edge of a chair, stretched out one leg,
hands overlapped, and reached towards the toes. The
distance between fingers and feet was recorded. Static
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balance was assessed using a test involving standing on
one leg with the eyes open. Participants were asked to
stand on one foot and maintain balance, the total time
of which was recorded, with those exceeding 30 s being
recorded as 30 s. Dynamic balance was assessed using the
8-foot up-and-go test. Participants were instructed to get
up from a seat, walk 8 feet, turn, and return to the seated
position. The time to complete this task was recorded.
Aerobic endurance was assessed using the 2-min step test
and 6-min walk test (6MWT). In the 2-min step test, the
participants were instructed to raise each knee to a point
midway between the patella and iliac crest in 2 min. The
score was the number of times the right knee reached
the targeted height. In the 6MWT, the participants were
asked to walk vigorously for 6 min in a 30-m-long quiet
corridor. The total distance that the participants walked
during the time period was recorded.

Statistical Analyses

Data are presented as mean=+standard deviation (SD).
All statistical analyses were performed with Statistical
Package for the Social Sciences (SPSS) software, version
17.0 (SPSS Inc, Chicago, IL). Comparisons of the sarco-
penia, frailty, depression, and physical fitness between
healthy controls and participants with type 2 diabetes
were carried out using an independent samples t-test.
The factors with significant differences in the t-test were
chosen for subsequent univariate logistic analysis. Covar-
iates that showed significance (p <0.05) in the univariate
analysis were entered in a stepwise forward multivariate
logistic regression model. The odds ratios (OR) with 95%
confidence intervals (95%CI) were also further presented
to indicate the strength of association between diabetes
and the selected factors. P-values below 0.05 were con-
sidered statistically significant.

Results

Sarcopenia, frailty, and depression in healthy individuals
and participants with T”2DM

The control group consisted of 48 healthy individuals
(26 women), with a mean age of 65.8+5.3 years, while
the T2DM group consisted of 78 diabetic individuals (41
women), with a mean age of 66.5+9.0 years. There were
no significant between-group differences in the control
and T2DM groups in terms of demographic information,
including age, gender, height, and weight (Table 2). There
were no significant differences between the two groups
in terms of comorbidities and living habits such as smok-
ing and drinking. Similarly, there were no significant dif-
ferences in SMI, ASM, and grip strength between the
control and T2DM groups; however, the gait speed was
significantly decreased in the T2DM group. In addition,
the sarcopenia risk-level was significantly higher in the
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T2DM group, as evaluated using either the AWGS 2014
or AWGS 2019. The proportion of participants suffering
from sarcopenia in the T2DM group was higher than that
in the control group in both the AWGS 2014 and AWGS
2019, but lacked statistical significance. Further, the num-
ber of people with possible sarcopenia was significantly
higher in the diabetic participants compared with the
controls. Lastly, although there was no significant differ-
ence in SARC-F between the control and T2DM groups,
frailty and depression were significantly higher in the
T2DM group.

Physical Fitness in healthy individuals and participants
with T2DM

As shown in Table 3, BMI was obviously higher in the
T2DM group. Muscle strength was significantly reduced
in the T2DM group, which predominately manifested in
the elbow extensor, knee flexor, hip abductor, hip flexor,
and STS test. There were no significant differences in

Table 3 Physical Fitness between the control and T2DM groups
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flexibility between the control and T2DM groups. Fur-
ther, static/dynamic balance and aerobic endurance
were significantly poorer in the T2DM group than in the
controls.

Dynamic balance and frailty are associated with T2DM

The results of univariate and multivariate analysis of
covariates potentially related to T2DM are presented in
Table 4. The SOF, BMI and up-and-go were found to be
positively and significantly associated with T2DM, with
an OR and 95% CI of 2.638 (1.333-5.221), 1.193 (1.041-
1.368) and 2.089 (1.400-3.117), respectively.

Discussion

In this study, we compared several diabetic-related con-
ditions, including sarcopenia, frailty, and physical fitness
in healthy controls and patients with T2DM in older
adults. Regarding the diagnoses of sarcopenia, the crite-
ria vary slightly among associations. In 2019, the AWGS

Control T2DM p-value
(N=48) (N=78)
Body Composition
BMI (kg/m?2) 24104315 25.73£353 0.010*
Muscle Strength
Elbow flexor (non-dominant) (kg) 17.25+£567 15.92+6.63 0.250
Elbow flexor (dominant) (kg) 17.23+£5091 16.29+6.98 0436
Elbow extensor (non-dominant) (kg) 9.8242.58 8924322 0.105
Elbow extensor (dominant) (kg) 9.69+252 852+278 0.019*
Knee flexor (L) (kg) 13454552 11.11£5.05 0.016*
Knee flexor (R) (kg) 1416+£5.14 11.64+£5.13 0.009*
Knee extensor (L) (kg) 19.65+542 17.87+823 0.145
Knee extensor (R) (kg) 19.08 +£6.33 18.66+9.20 0.768
Hip abductor (L) (kg) 21.28+11.20 17.67+6.71 0.026*
Hip abductor (R) (kg) 20.14+£6.35 1850£7.27 0.201
Hip flexor (L) (kg) 16.54+£4.87 1430+6.11 0.025*
Hip flexor (R) (kg) 17.96£7.30 1506 £6.10 0.018*
Hip extensor (L) (kg) 14.82+£554 13.87+£6.38 0.402
Hip extensor (R) (kg) 15.16+£5.95 14.17 £6.99 0421
Sit to stand (STS) (no. of stands) 18.58+5.32 15.08+5.15 <0.001*
Flexibility
Back stretch (cm) -486+13.17 -927+13.54 0.076
Sit reach (L) (cm) 427+1258 0.68410.94 0.095
Sit reach (R) (cm) 45241292 0.53+£11.79 0.079
Balance
Single leg stand (s) 2226+£10.26 1532+£1061 <0.001*
Up-and-go (s) 5.4540.90 7214+277 <0.001*
Aerobic Endurance
2-min step (no. of steps) 101.31+£19.25 87.61420.21 <0.001*
6-min walk (m) 5314646650 458.76+103.25 <0.001*

" indicates statistically significant
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Table 4 Diabetes-related factors in this study

Univariate logistic regression Multivariate logistic regression

OR 95% Cl p-value OR 95% Cl p-value
4-m walk 0218 0.073-0.654 0.007*
Sarcopenia Risk 1.761 1.020-3.040 0.042*
Level 2014
Sarcopenia Risk 1.962 1.170-3.288 0.011*
Level 2019
AWGS possible 0475 0.225-1.002 0.051
sarcopenia
SOF 2244 1.200-4.194 0.011* 2.638 1.333-5.221 0.005*
PHQ-2 2.744 0.999-7.541 0.05
BMI 1.157 1.032-1.298 0.013* 1.193 1.041-1.368 0.011*
Elbow Extensor 0.866 0.755-0.994 0.041*
Knee Flexor 0.909 0.844-0.980 0.012*
Hip Abductor 0.951 0.904-1.002 0.058
Hip Flexor 0926 0.869-0.988 0.019*
Sit to stand 0.880 0.816-0.949 0.001*
Single leg stand ~ 0.939 0.906-0.974 0.001*
Upandgo 1.964 1.366-2.824 <0.001* 2.089 1400-3.117 <0.001*
2-min step 0.963 0.942-0.984 0.001*
6-min walk 0.99 0.985-0.995 <0.001*

OR Odds ratio, C/ Confidence interval
" indicates statistically significant

released a consensus update on sarcopenia, which added
the concept of possible sarcopenia, defined as either low
muscle mass or poor physical performance [40]. The cut-
off point of grip strength in men was adjusted from 26
to 28 kg, while for women, it was maintained at 18 kg.
In addition, the cut-off point of usual gait speed was
adjusted from less than 0.8 m/s to 1.0 m/s [29, 40]. Our
first participants were recruited in 2018, where, as shown
in Table 2, we present a comparison of the diagnoses
between the AWGS 2014 and AWGS 2019. The results
showed that there was no significant difference in the
determination of sarcopenia between the AWGS 2014
and AWGS 2019 in our sample.

No significant differences in the SMI and grip strength
were found between the T2DM and control groups;
however, gait speed was significantly reduced in patients
with T2DM. Leenders et. al [23] reported that patients
with diabetes had decreased ASM and grip strength but
not in the SMI. A recent study with a larger number of
participants showed that although there were no sig-
nificant differences in the ASM, SMI and grip strength
between diabetic patients and normoglycemic controls,
a significant decrease in gait speed was found in diabetic
patients [41]. These results are similar to our findings.
The percentage of occurrences of sarcopenia was higher
in the T2DM group, with a ratio of 15.4% compared

6.3% in the control group. This is in accordance with the
results in Korean study, in which the prevalence of sar-
copenia in patients with diabetes and the control group
was 15.7 and 6.9%, respectively [42]. The author specu-
lates that it is due to the similarities in geography and
living habits between Taiwan and South Korea. A recent
meta-analysis reported that the prevalence of sarcope-
nia in non-diabetic controls ranged from 8.3% to 16.2%
[43]. The prevalence of sarcopenia has also been found
to accelerate with increasing age among both genders
[44]. The participants in the current study were rela-
tively young, which may have led to the lower frequency
of sarcopenia among our participants. In addition, the
frequency of possible sarcopenia in the diabetic patients
was significantly higher than that in the controls, with
52.6% of the T2DM group and 32% of the controls being
in this category. Frailty and depression were found to
be significantly higher in the patients with T2DM in
the present study, which is in accordance with the find-
ings of previous reports [19, 45-47]. People who meet
the > 2/3 criterion in SOF indicate frailty. In this study,
there were 14 frail people (17.9%) in the T2DM group
(data not shown), which is similar to the results of the
recent study [48]. In addition to the STS test, we also
measured the strength of the major muscle groups
in the upper and lower limbs. We found that STS and
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muscle strength of the elbow extensor, knee flexor, hip
abductor, and hip flexor decreased significantly in the
T2DM group. In addition, those muscle groups with
decreased muscle strength were mainly considered fast-
twitch (type II) muscles [49-51]. The literature indicates
that with aging and sarcopenia, type II fibers are more
prone to atrophy than type I fibers [52, 53]. We found
that the decline in fast-twitch muscle strength predates
the decline in muscle mass in patients with diabetes.
In previous diabetes research, although the relation-
ship between diabetes and sarcopenia was investigated,
it was mainly manifested in the use of magnetic reso-
nance imaging (MRI) or BIA to detect muscle mass, and
to evaluate muscle strength and function through grip
strength or walking speed test. This research further
used a dynamometer to measure the muscle strength of
the upper and lower extremities, and found that patients
with T2DM have weaker muscle strength in fast-twitch
muscles. This may be used as one of the screening indi-
cators for sarcopenia in T2DM. This article suggests
that the changes among various muscle groups in dia-
betic patients can also be used as a reference for physi-
cal training in clinical practice.

Nevertheless, we found that the performance of static
balance, dynamic balance and aerobic endurance were
significantly lower in the patients with T2DM. Astrom
et al. showed that older people with diabetics exhibit
significantly lower overall SFT scores [54]; however,
the SFT used in their study mainly focused on muscle
strength and flexibility. By contrast, we employed the
more comprehensive five-element SFT test for compari-
sons. We further indicated the impact of T2DM on bal-
ance and aerobic endurance. Both static and dynamic
balance, which were respectively evaluated by the sin-
gle-leg-stand test and up-and-go test, were significantly
reduced in the diabetic patients. Additionally, aerobic
endurance, which was measured by the 2-min step and
6-min walk tests, also showed significant decline in the
patients with T2DM.

In this study, there was a significant association
between sarcopenia risk-level and T2DM in the univari-
ate analysis; however, the association became attenuated
in the multivariate analysis. In the multivariate model, a
significant association with T2DM was still observed for
BM]I, frailty, and dynamic balance. A positive association
with T2DM in BMI and frailty has been reported in the
previous literature on this topic [55, 56]. This article addi-
tionally reports the association of dynamic balance with
T2DM. It can be speculated that, at least in this study
sample, BMI, frailty, and dynamic balance had stronger
associations with T2DM than sarcopenia. The balance
limitation in T2DM has been reported to be associated
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with diabetic peripheral neuropathy [57, 58]. Previous
articles have indicated that diabetic neuropathy attenu-
ated the sensorimotor control of the hands and lower
extremities [59-61]. However, the pathological mecha-
nism of sarcopenia/frailty in T2DM has been not fully
determined. Several possible mechanisms are currently
being discussed, including diabetic neuropathy, the
decline of neuromuscular junction, hyperglycemia, insu-
lin resistance, chronic inflammation, and mitochondria
dysfunction [12, 62]. Based on our findings, we believe
that the neurological impact of T2DM affects physical
performance, including balance, aerobic endurance, and
gait speed, and in turn, these declines subsequently accel-
erate frailty.

In addition to gait speed, the AWGS 2019 also listed
the Short Physical Performance Battery (SPPB) as one
of the options for evaluating physical performance [40].
The SPPB assessment contains the chair-stand test,
gait-speed test, and balance test. This implies that the
importance of balance has been noted in sarcopenia.
Previous reports have addressed the association of sar-
copenia and frailty with T2DM after the age of 60 years
[12, 62, 63]. This study extended the age group to par-
ticipants over 50 years old and found that there was
still a significant difference in the frequency of sarco-
penia and frailty between patients with T2DM and the
controls. Among the effects on sarcopenia, gait speed
represented the most significant difference. We also
found that dynamic balance was independently associ-
ated with T2DM. This suggests the importance of bal-
ance in the early detection of physical deterioration in
diabetic patients.

One of the limitations of this study is the size of the
population; as such, a larger number of participants is
warranted in future research. Another limitation is that
this study used the SOF instead of more common frailty
tools such as Frailty Index and Clinical Frailty Scale to
determine the frailty of the participants. Besides, lack of
information regarding the comorbidity and medication
status of the recruited participants in this study is also a
drawback of this research which may affect some further
interpretation regarding the issues of DM-related sarco-
penia of older adults.

Conclusions

This study used more diverse and comprehensive per-
spectives to investigate the T2DM-related factors, such
as SMI, grip strength, gait speed, frailty, depression,
upper/lower extremity muscle strength, flexibility, aer-
obic endurance, static/dynamic balance, etc., to explore
the profound manifestations in the patients with
T2DM. To sum up, this study indicated the importance
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of countering frailty and maintaining physical fitness,
especially dynamic balance in the early physical deteri-
oration of patients with diabetes. Based on the current
findings, further explorations of the effects of different
DM severities on different levels of muscle loss as well
as influence on different muscle fibre types should be
worthy to be investigated. Moreover, the issues regard-
ing exercise trainability or what types of intervention
for patients with T2DM to deal with the DM-related
sarcopenia might also be a practical topic in the next
stage.
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